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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a high quality phase shifting mask blank having 
improved chemical resistance by forming a film comprising alternately stacked two or 
more films different from each other in composition containing at least one selected 
from metals, silicon, oxygen and nitrogen. 

SOLUTION: In the phase shifting mask blank with a phase shifting film formed on a 
transparent substrate, the phase shifting film comprises a film formed by alternately 
stacking two or more films different from each other in film composition containing at 
least one selected from metals, silicon, oxygen and nitrogen. 
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* NOTICES * 

. JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

> 1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the phase shift mask blank characterized by two or more sorts of film containing at least 
one sort as which said phase shift film is chosen from a metal, silicon, oxygen, and nitrogen in the phase 
shift mask blank by which the phase shift film was formed on the transparence substrate with which film 
presentations differ mutually consisting of alternation-of-strata film by which the laminating was carried 
out by turns. 

[Claim 2] Said phase shift film is a phase shift mask blank according to claim 1 which is the alternation- 
of-strata film of the nitride of molybdenum silicide, and the oxidization nitride of molybdenum silicide. 
[Claim 3] The phase shift mask blank according to claim 1 or 2 whose transmission the phase of the 
exposure light which penetrates said alternation-of-strata film is changed 180**5 times, and is 3 - 40%. 
[Claim 4] The manufacture approach of the phase shift mask blank characterized by forming the 
alternation-of-strata film with which the laminating of two or more sorts of film with which film 
presentations differ mutually by using metal silicide for a target, changing a reactant type of gas or a 
flow rate as said phase shift film at one membrane formation room in the manufacture approach of a 
phase shift mask blank that the phase shift film was formed on the transparence substrate, and 
performing reactive sputtering was carried out by turns. 

[Claim 5] The manufacture approach of the phase shift mask blank according to claim 4 which forms the 
alternation-of-strata film by changing a type of gas, without stopping discharge in case said alternation- 
of-strata film is formed. 

[Claim 6] Said metal silicide is the manufacture approach of the phase shift mask blank according to 
claim 4 or 5 which is molybdenum silicide. 



[Translation done.] 



http://www4.ipdl. inpit.go.jp^ 9/11/2007 



JP,2003-005347,A [DETAILED DESCRIPTION] Page 1 of 4 



* NOTICES * 

- JPO and INPIT are not responsible for any 

damages caused by the use of this translation. 

• 1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the phase shift mask blank and its manufacture 
approach of the halftone mold which can attenuate the luminous intensity of exposure wavelength with 
the phase shift film especially about the phase shift mask blank used suitable for the photolithography 
process which performs micro processing, such as a semiconductor integrated circuit, CCD (charge- 
coupled device), a color filter for LCD (liquid crystal display component), and the magnetic head, and 
its manufacture approach. 
[0002] 

[Description of the Prior Art] The photo mask used for wide range applications including manufacture of 
semiconductor integrated circuits, such as IC and LSI, forms fundamentally the light-shielding film 
which used chromium as the principal component by the predetermined pattern on a translucency 
substrate. In recent years, detailed-ization of a pattern progresses quickly with the commercial-scene 
demand of high integration of a semiconductor integrated circuit etc., and it has corresponded by 
attaining short wavelength-ization of exposure wavelength to this. 

[0003] However, while short wavelength-ization of exposure wavelength had improved resolution, 
reduction in the depth of focus was caused, the stability of a process fell, and it had the problem of 
having a bad influence on the yield of a product. 

[0004] To such a problem, as one of the effective pattern replica methods, there is a phase shift method 
and the phase shift mask is used as a mask for imprinting a detailed pattern. 

[0005] This phase shift mask (halftone mold phase shift mask) For example, as shown in drawing 6 (A) 
and (B), it is that which carries out pattern formation of the phase shift film 2, and comes on a substrate 
1 . In substrate outcrop (1 st light transmission section) 1 a in which the phase shift film does not exist, and 
phase-shifter section (the 2nd light transmission section) 2a which forms the pattern part on a mask By 
making into 1 80 degrees phase contrast of the light which penetrates both, as shown in drawing 6 (B), by 
interference of the light of a pattern boundary part, optical reinforcement can serve as zero in the part in 
which it interfered, and the contrast of an imprint image can be raised. Moreover, compared with the 
case where the usual mask with the common exposure pattern which it becomes possible to increase the 
depth of focus at the time of obtaining required resolution by using a phase shift method, and consists of 
chromium film etc. is used, it is possible to raise an improvement of resolution and the margin of an 
exposure process. 

[0006] A practical use target can divide roughly the above-mentioned phase shift mask into a full 
transparency mold phase shift mask and a halftone mold phase shift mask with the light transmission 
property of the phase-shifter section. The full transparency mold phase shift mask has the light 
transmittance of the phase-shifter section equivalent to a substrate, and is a transparent mask to exposure 
wavelength. On the other hand, the light transmittance of the phase-shifter section of a halftone mold 
phase shift mask is several % - about dozens of% of a substrate outcrop. 

[0007] A halftone mold phase shift mask blank is shown in drawing 1 , and the fundamental structure of 
a halftone mold phase shift mask is shown in drawing 2 , respectively. The halftone mold phase shift 
mask blank shown in drawing 1 forms the halftone mold phase shift film 2 on the transparent substrate 1 
to exposure light. Moreover, the halftone mold phase shift mask shown in drawing 2 carries out 
patterning of the above-mentioned shift film 2, and forms halftone mold phase shifter section 2a which 
forms the pattern part on a mask, and substrate outcrop la in which the phase shift film does not exist. 
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[0008] Here, a phase is shifted to the exposure light in which the exposure light which penetrated phase- 
shifter section 2a penetrated substrate outcrop la (refer to drawing 6 (A) and (B)). Moreover, the 
* permeability of phase-shifter section 2a is set up so that it may become the optical reinforcement of 
extent which the exposure light which penetrated phase-shifter section 2a does not expose to the resist 
on a transferred substrate. Therefore, phase-shifter section 2a has the function which shades exposure 
light substantially. 

[0009] As the above-mentioned halftone mold phase shift mask, the halftone mold phase shift mask of a 
monolayer mold with easy structure is proposed, and what has the phase shift film which consists of 
molybdenum silicide oxide (MoSiO) and a molybdenum silicide oxidation nitride (MoSiON) as a 
halftone mold phase shift mask of such a monolayer mold is proposed (JP,7-140635,A etc.). 
[0010] As an approach of producing such a phase shift mask, the approach of carrying out pattern 
formation of the phase shift mask blank by the lithography method is used. After this lithography 
method applies a resist on a phase shift mask blank, it develops it after exposing the resist of a desired 
part by the electron ray or ultraviolet rays, and it exposes a phase shift film front face, it etches the phase 
shift film of a desired part by using as a mask the resist film by which patterning was carried out, and 
exposes a substrate. Then, a phase shift mask is obtained by exfoliating the resist film. 
[0011] 

[Problem(s) to be Solved by the Invention] A phase shift mask prepares a phase shift pattern by etching 
the phase shift film by dry etching by using as a mask the resist pattern formed on the transparence 
substrate. In this case, the phase shift film has the problem that it will be weak in acids, such as a sulfuric 
acid used as pretreatment of washing in the process of phase shift mask manufacture etc., or a penetrant 
remover, and the optical constant of the phase shift film will change to them at this process. 
[0012] This invention was made in order to improve the above-mentioned trouble, and it aims at offering 
the phase shift mask blank which has chemical resistance, and its manufacture approach. 
[0013] 

[The means for solving a technical problem and the gestalt of implementation of invention] In the phase 
shift mask blank formed on the transparent substrate to exposure wavelength as a result of repeating 
examination wholeheartedly, in order that this invention person may solve the above-mentioned 
technical problem It came to make a header and this invention for chemical resistance improving by 
considering as the alternation-of-strata film with which the laminating of the film more than two-layer 
[ containing at least one sort chosen from a metal, silicon, oxygen, and nitrogen in the above-mentioned 
phase shift film / from which a film presentation differs mutually ] was carried out by turns. 
[0014] That is, this invention offers the following phase shift mask blank and its manufacture approach. 
Claim 1 : It is the phase shift mask blank characterized by two or more sorts of film containing at least 
one sort as which said phase shift film is chosen from a metal, silicon, oxygen, and nitrogen in the phase 
shift mask blank by which the phase shift film was formed on the transparence substrate with which film 
presentations differ mutually consisting of alternation-of-strata film by which the laminating was carried 
out by turns. 

Claim 2: Said phase shift film is a phase shift mask blank according to claim 1 which is the alternation- 
of-strata film of the nitride of molybdenum silicide, and the oxidization nitride of molybdenum silicide. 
Claim 3: The phase shift mask blank according to claim 1 or 2 whose transmission the phase of the 
exposure light which penetrates said alternation-of-strata film is changed 180**5 times, and is 3 - 40%. 
Claim 4 : In the manufacture approach of a phase shift mask blank that the phase shift film was formed 
on the transparence substrate By using metal silicide for a target, changing a reactant type of gas or a 
flow rate as said phase shift film, at one membrane formation room, and performing reactive sputtering 
The manufacture approach of the phase shift mask blank characterized by forming the alternation-of- 
strata film with which the laminating of two or more sorts of film with which film presentations differ 
mutually was carried out by turns. 

Claim 5: The manufacture approach of the phase shift mask blank according to claim 4 which forms the 
alternation-of-strata film by changing a type of gas, without stopping discharge in case said alternation- 
of-strata film is formed. 

Claim 6: Said metal silicide is the manufacture approach of the phase shift mask blank according to 
claim 4 or 5 which is molybdenum silicide. 

[0015] By forming the alternation-of-strata film with which it comes by turns to carry out the laminating 
of two or more sorts of film containing at least one sort chosen from a metal, silicon, oxygen, and 
nitrogen with which presentations differ mutually in producing a phase shift mask blank according to 
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this invention The chemical resistance to the sulfuric acid used as pretreatment or the penetrant remover 
of washing in a mask production process is improved, stabilization of a manufacture process is attained, 
- a quality phase shift mask is obtained, and it can respond to detailed-izing of the further semiconductor 
integrated circuit, and high integration enough. 

[0016] Hereafter, lessons is taken from this invention and it explains in more detail. The phase shift 
mask blank of this invention is characterized by forming the alternation-of-strata film (phase shift film) 
2 with which it comes by turns to carry out the laminating of two or more sorts of film containing at 
least one sort chosen from a metal, silicon, oxygen, and nitrogen with which presentations differ 
mutually on the substrate 1 which exposure light penetrates, as shown in drawing 3 . Thereby, the 
quality phase shift mask blank excellent in chemical resistance can be obtained. 

[0017] The above-mentioned phase shift film specifically contains at least one sort chosen from a metal, 
silicon, oxygen, and nitrogen, such as Mo, Ti, Ta, Zr, Hf, Nb, V, Co, Cr, or nickel. Specifically The 
alternation-of-strata film of molybdenum silicide oxide (MoSiO) and a molybdenum silicide nitride 
(MoSiN), The alternation-of-strata film of a molybdenum silicide nitride (MoSiN) and a molybdenum 
silicide oxidation nitride (MoSiON), The alternation-of-strata film of molybdenum silicide oxide 
(MoSiO), a molybdenum silicide oxidization nitride (MoSiON), and a molybdenum silicide nitride 
(MoSiN) etc. is mentioned. Especially the alternation-of-strata film of a molybdenum silicide nitride 
(MoSiN) and a molybdenum silicide oxidation nitride (MoSiON) is desirable at the point which can 
make thickness of the phase shift film thin. Furthermore, the direction which used the outermost surface 
of the phase shift film as the molybdenum silicide nitride (MoSiN) is desirable from the point which can 
improve chemical resistance further. 

[0018] Since it may be able to do a level difference from the difference of the etch rate of each class 
when the thickness of one layer of the alternation-of-strata film has the too thick thickness of one layer, 
it is desirable that it is especially 30nm or less 50nm or less. 

[0019] In addition, as for especially the alternation-of-strata film, it is desirable to make 3-30 layers into 
the laminating of about 5-20 layers in total, and, as for especially the total thickness of the alternation- 
of-strata film, it is desirable to be referred to as 50-150nm 50-200nm. 

[0020] Moreover, the above-mentioned phase shift film changes the phase of exposure light 180**5 
times, and it is desirable that permeability is 3 - 40%. In addition, as for the above-mentioned 
transparence substrate, what uses a quartz or a silicon dioxide as a principal component is desirable. 
[0021] As the membrane formation approach of the phase shift film of this invention, a reactive- 
sputtering method is desirable and uses metal silicide as a sputtering target in this case. In order to keep 
a membranous presentation constant, oxygen, nitrogen, or the metal silicide added combining these may 
be used. In addition, as a metal, although Mo, Ti, Ta, Zr, Hf, Nb, V, Co, Cr, or nickel is mentioned, 
molybdenum (Mo) is desirable in this. 

[0022] Moreover, although only the number of the layers which constitute the phase shift film may 
prepare a membrane formation room and may be made passage mold membrane formation as the 
membrane formation approach of the concrete phase shift film, since equipment is enlarged and it 
becomes cost quantity, it is equipment of a batch mold or a sheet mold, and the approach of forming the 
alternation-of-strata film is desirable by changing sputtering gas. Since it becomes the factor which the 
amount of raising dust increases and reduces membraneous quality in order to carry out raising dust in 
early stages of discharge, if discharge is suspended and the flow rate of a type of gas or sputtering gas is 
changed especially, it is desirable to change the flow rate of a type of gas or sputtering gas during 
discharge, without suspending discharge. 

[0023] What used the RF (RF) power source is sufficient also as the thing using the direct-current (DC) 
power source as the sputtering approach, it may be a magnetron sputtering method, or you may be 
conventional auction. 

[0024] The presentation of the sputtering gas at the time of forming the phase shift film can be formed 
by adding suitably so that the phase shift film which has oxygen gas, nitrogen gas, various nitrogen 
oxide gas, etc. formed by inert gas, such as an argon, may have a desired presentation and membrane 
stress. 

[0025] In addition, it can adjust to the approach of increasing the amount of the gas containing the 
oxygen added to sputtering gas so that many oxygen and nitrogen may be incorporated in the film, or 
nitrogen, and a sputtering target beforehand by the approach using the metal silicide which added many 
oxygen and nitrogen etc. to gather the permeability of the phase shift film formed. 

[0026] Moreover, in this invention, as were shown in drawing 4 , and Cr system light-shielding film 3 is 
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formed on the phase shift film 2 or it was shown in drawing 5 , Cr system antireflection film 4 which 
reduces reflection from Cr system light-shielding film can also be formed on Cr system light-shielding 
- film 3. In this case, it is desirable to use Cr system film, such as CrO, CrN, CrON, and CrCON, as a 
light-shielding film or an antireflection film. 
[0027] 

[Example] Although an example and the example of a comparison are shown and this invention is 
explained concretely hereafter, this invention is not restricted to the following example. 
[0028] MoSi2.3 of 3" is used for a target on the square shape quartz substrate of [example 1] 6", N2 is 
passed by flow rate 1 :7 as 1 Ar on a substrate at 0.3Pa of gas pressure under discharge, 200 W, and the 
membrane formation temperature of 120 degrees C, and about lOnm of MoSiN film is formed. 
2) Pass Ar, and 02 and N2 by flow rate 1 :1 :6, and form about lOnm of MoSiON film. 1) and membrane 
formation actuation of 2 were performed repeatedly by turns, without stopping discharge, finally 1 was 
formed, and the phase shift mask blank from which the phase contrast of 12 layers becomes 1 80 degrees 
was created. The produced phase shift mask blank was heated for 1 hour into the mixed liquor (mixing 
ratio rate 1 :4) of a 80-degree C sulfuric acid and hydrogen peroxide solution, the permeability before 
and behind immersion was measured, and chemical-resistant evaluation was carried out from the 
variation. The variation of the permeability was 0.05%. A result is shown in Table 1 . In addition, 
measurement of permeability used laser tech company make and MPM-248 on the wavelength of 
248nm. 

[0029] MoSi2.3 of 3" was used for the target on the square shape quartz substrate of [example 1 of 
comparison] 6", and about 130nm of MoSiON film was formed for an argon, nitrogen, and oxygen at 
0.3Pa of gas pressure under discharge, 200W, and the membrane formation temperature of 120 degrees 
C, using the mixed gas of flow rate 1 : 1 :6 as sputtering gas. Chemical resistance was investigated like the 
example 1 . The variation of the permeability was 0. 12%. A result is shown in Table 1 . 
[0030] 









O . 0 5% 




0 . 12% 



[0031] 

[Effect of the Invention] According to this invention, the phase shift mask blank of high quality by 
which chemical resistance was improved can be offered by forming the alternation-of-strata film with 
which the laminating of two or more sorts of film containing at least one sort chosen from a metal, 
silicon, oxygen, and nitrogen with which presentations differ mutually was carried out by turns. 
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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 6] 
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